Abstract
Introduction
The volatility of exchange rates is at the center of the debate on the performance of exchange rate regimes. This concern was reinforced by the fluctuations in exchange rates since the move to flexible exchange rate systems in 1973 (Omojimite and Akpokodje 2010) . A major concern has the consequence of exchange rate volatility which is a prominent feature of flexible exchange rate systems. Exchange rate volatility has been a source of concern in many economies including South Africa. The rand has been the most volatile among emerging currencies over the past few years. South Africa's recent measures to reduce the rand's volatility haven't had a desired impact as the currency's fluctuation is fueled by global economic instability and capital inflows from developed countries (Davies, 2010) . Over the past decade South Africa has experienced significant volatility. Pretorius and de Beer (2002) note that the "worrying volatility of the rand resulted in the appointment of the Myburgh Commission of inquiry into the depreciation of the rand. From January 1, 1996 to May 29, 2002 , the value of the rand depreciated from R3.64 per US$ to R9.85, reaching an all-time low of R13.002 on December 20, 2001". Over the years, the rand exchange rate has continued to display a relatively high degree of volatility in response to erratic changes in global risk aversion. The currency plunged to a two-year low of R8.49 in late September (2011) from around R6.80 at the start of August and has since rebounded to R7.89 (Mail and Guardian, 2011) . Nedbank (2012) further maintains that the rand rose by 0, 4% against the US dollar in May and June 2012 and later firmed against the US dollar by 0.7% in August and September 2012. All these statistics showed that the rand has been volatile and vulnerable to both local and international developments.
In the financial sector, South Africa is seen as having one of the best run emerging economies in the world, with efficiently managed world class companies. According to the United Nation Economic Commission for Africa (UNECA, 2008) , the Johannesburg Stock Exchange (JSE) stands as an attractive vehicle for the infusion of foreign investments in Africa. The JSE (established in 1886) is the oldest stock exchange market in Africa. The UNECA (2008) maintains that the JSE, in its 120 years of existence, has developed into one of the biggest stock exchange in the world. African markets are usually characterized by low capitalization and are still regarded as infants in the world stock exchange. In contrast to this, the JSE has emerged as one of the best in the world. By March 2011, the JSE was ranked 20 th in the world and the value of market capitalization was 6,785.6 billion dollars up from 6,143.2 dollars the previous year (JSE, 2011) .
However, the JSE has been affected by exchange rate movements in recent years. "In the early 2000s, the South African Reserve Bank (SARB) tightened its monetary policy in a bid to keep inflation within the target band of 3-6%. Consequently, the SA rand appreciated significantly. However the strength of the rand led to a 10% decline in the JSE index in local currency terms and 24% increase in US dollar terms" (UNECA, 2008) . High currency volatility makes it difficult for businesses to plan and budget. Currency risk presents a curious problem. On the one hand, currency movements will have a large impact on the rand value of cash flows from foreign projects. Further, to the extent that the project involves a mixture of local and international costs or revenues, currency changes will also alter the local currency cash flows (Stern and Chew, 2003) . Benita and Lauterbach (2004) argue that currency volatility have costs that have negative effect on price stability and consequently on firm profitability. Currency volatility has implications for the financial system especially the stock market. Stock market plays a very crucial role in assessing economic conditions of any country through improved stock returns usually signified by higher profit to firms. Stock markets serve as channels through which funds can be exchanged between savers and spenders (investors) who will be in need of funds (Mishkin 2001) . Fluctuations in the exchange rate can, therefore, affect the performance of the stock market as well as the financial sector.
Literature Review
This section uncovers whether or not existing theories and studies suggest that currency volatility has an impact on the stock market. There is no agreement on the existence of a relationship between stock prices and exchange rates.
Theoretical literature
This part explores the theoretical literature applicable to this study, with considerations being made to the Flow oriented model, Stock oriented model and the Arbitrage Pricing Theory.
Flow oriented model
The model maintains that a causal relationship runs from the exchange rate to the stock prices. In other words, exchange rate movements affect the stock prices. Exchange rate changes affect the competitiveness of firms through their impact on input and output prices (Joseph, 2002) . When the exchange rate appreciates, exporters will be negatively affected. An appreciation of the currency will cause their goods and services to be dearer on the international market. This will cause their exports to decline, as they will be seen as expensive by buyers on the international market. This will result in them losing competitiveness internationally. Consequently, their profits will decline and if profits decrease the firms will lose competitiveness on the domestic stock market. Their attractiveness on the domestic stock market will decrease and this will result in their stock prices decreasing in value. Resultantly, a negative relation between domestic currency and stock price can be confirmed. Pilbeam (1992:159) points out an obvious problem with the flow oriented model as being that they have nothing to say about international capital movements, although it is known that international capital movements are very large and dominate the foreign currency market. Stock oriented models put much stress on the role of the financial (formerly capital) account in the exchange rates determination. Adjasi and Biekpe (2007) held that in the "stock oriented model, the exchange rate equates demand and supply for assets (bonds and stocks)". Therefore, expectations of relative currency movements have a significant impact on price movements of financially held assets. In other words, currency fluctuations may influence stock price movements.
Stock oriented model

Arbitrage Pricing Theory (APT)
Chen et al. (1986) in Iqbal and Haider (2005) argue that risk factors (in the APT) arise from changes in some fundamental economic and financial variables such as interest rates, inflation, real business activity, exchange rate among other variables. Rashid and Karachi (2007) held that according to the Arbitrage theory, a rise in real interest rate reduces the present value of a firm's future cash flows and causes stock prices to fall. But at the same time, a higher interest rate stimulates the capital inflow, and therefore exchange rate falls. So the real interest rate disturbance may be a factor of a positive relationship between the average level of stock prices and exchange rates. In this regard, the model assumes that macroeconomic variables such as exchange rate can have an effect on the stock market.
Empirical literature
The behavior of volatility of stock market has been extensively studied using the ARCH-GARCH framework pioneered by Engel (1982) and further developed by Bollerslev (1986) , and others. However, the results of some of these studies are inconclusive. Adjasi and Biekpe (2005) investigated the relationship between stock prices and exchange rate movement in Ghana, South Africa, Egypt, Kenya, Mauritius and Nigeria. A VAR model was used to examine the relationship between exchange rates and stock prices. Findings from their study indicated that there was no long-run stable relationship between stock market prices and exchange rates for Egypt, Ghana, Kenya, Mauritius, Nigeria and South Africa. In another study, Pilinkus and Boguslauskas (2009) used the impulse response function to test the existence of the short-run relationship between stock market prices and macroeconomic variables. Their study concluded that unemployment rate, exchange rate, and short-term interest rates negatively influence stock market prices.
Muhammad and Rasheed (2011) conducted a study on the relationship between stock prices and exchange rates in four South Asian countries; Pakistan, India, Bangladesh and Sri-Lanka, for the period January 1994 to December 2000. The study employed cointegration, vector error correction modeling technique and standard Granger causality tests to examine the long-run and short-run association between stock prices and exchange rates. Results of the study showed no short-run association between the variables for all four countries. There was no long-run relationship between stock prices and exchange rates for Pakistan and India as well. However, for Bangladesh and Sri-Lanka, there appeared to be a bi-directional causality between these two financial variables. Sekmen (2011) examined the effects of exchange rate volatility, using the squared residuals from the autoregressive moving average (ARMA) models, on stock returns for the U.S. for the period 1980 to 2008. The study found that exchange rate volatility negatively affected U.S. stock returns since the availability of hedging instruments could not lessen the negative effect of exchange rate volatility on trade volume. In another study, Olugbenga (2012) examined the long-run and short-run effects of exchange rate on stock market development in Nigeria over 1985:1-2009:4 using the Johansen cointegration tests. Results showed a significant positive stock market performance to exchange rate in the short-run and a significant negative stock market performance to exchange rate in the long-run.
Empirical literature investigated by the study showed that that there are mixed views on the link between the two variables. Interesting to note is that some studies like that of Alam and Tafiques (2007) admit that there is need for continuous research in the area of exchange rates and stock markets. Moreover, studies in other countries also provided room for further research. Morales (2008) admitted that further research along these lines 1 is required in order to establish more comprehensively the true nature of spillovers from exchange rates to equity markets.
3. An Overview of Currency Volatility and Developments on the JSE The aim of this chapter is to present an overview of the exchange rate movements and developments on the JSE over the period 2000 to 2010. An analysis of the volatility of the rand shall be done first followed by an analysis of the MCSER Publishing, Rome-Italy Vol 4 No 14 November 2013 564 developments on the JSE.
An overview of the volatility of the rand
Currency volatility was identified by the South African authorities as one of the constraints on growth in Accelerated and Shared Growth Initiative for South Africa (ASGISA) in (OECD, 2010 . The sources of rand instability or volatility are exogenous. In effect, fundamental shifts in the dynamics of the global capital market, together with marginally high domestic interest rates, lead to sustained strength and volatility of the currency (Hale and Hughes, 2011:136) . The instability or volatility of the rand has, also, been caused by large fluctuations in financial flows and this has made the achievement of the stability of the rand to be nearly impossible. Since the adoption of a floating exchange rate regime together with the inflation-targeting monetary policy framework, substantial swings have occurred in the exchange rate of the rand. From the year 2000 when the inflation targeting-flexible exchange regime was adopted, the rand has undergone an era of excessive volatility. This is reflected in Figure 1 . 
Model specification
In order to measure the impact of currency volatility on the stock market in South Africa, this study followed Subair's (2009) model. Subair (2009) used the GARCH model to investigate the impact of exchange rate volatility on the stock market performance in Nigeria. The explanatory variables that are included in this study's model are: the prime overdraft interest rate, total mining production, exports, and US interest rates. The model, therefore, takes the form: …………..(1) Where LSMC is stock market capitalisation, RANDVOL is the volatility of the rand, TMP is total mining production, INT is interest rates, M3 is money supply and USINT is United States interest rates, is a white noise error term and the L in the above model stands for natural logs
Data analysis
Several tests such as descriptive statistics, ARCH test and unit root test were performed to examine the data characteristics. This was done to make sure that the estimation technique (GARCH) chosen is appropriate for the data.
Descriptive statistics of monthly changes of stock market capitalisation and exchange rate.
Descriptive statistics were performed to examine if the Randvol and MC exhibit time varying volatility and leptokurtosis
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566 characteristics. The two main variables of the study are examined because these variables determine the estimation technique for the study. The statistics of the Randvol and MC series are displayed in Table 1 below. Statistics from Table 1 show that the J-B value of 39.83 deviated from normal distribution. Similarly, skewness and kurtosis represent the nature of departure from normality. The randvol value for skewness is 8.2 and it reflects positive skewness and the value for kurtosis is 69.63 and this suggests that there is peakedness in the randvol. From this it can be observed that the randvol variable exhibits significant deviations from normality. The coefficient of kurtosis is 69.63 and it is larger than three. This demonstrates significant lerptokurtosis. A distribution with a coefficient larger than 3 is said to be leptokurtic and one with a coefficient smaller than 3 is platykurtic. The MC variable reflects positive skewness with a value of 4.26 and this shows that there is asymmetry in the MC variable.
Testing for ARCH effects
Brooks (2008) argues that it is worthwhile first to compute the ARCH test to make sure that this class of models (GARCH) is appropriate for the data. In this regard, the ARCH test was used to test for ARCH effects on the residuals. The results are presented by table 2 below. Table 2 shows that the statistic labelled "Obs*R-squared" is the ARCH test of autocorrelation in the squared residuals. The p-value (0.0000) indicates that we can reject our null hypothesis of no heteroscedasticity in the residuals. In other words, the zero probability value strongly shows the presence of heteroscedasticity in the residuals.
Testing for stationarity
If the mean and variance are constant over time, then the series is stationary. Stationarity is essential for standard econometric theory. Two unit root tests were performed; the Augmented Dickey Fuller and the Phillip Perron test. Both of them showed that that all variables were not stationary in levels but became stationary after first differencing. The results from the Phillip Perron test are given in Table 3 below. Table 3 shows that all variables were not stationary in levels. At levels, the p-values of the variables all being greater than 0.05 indicate that we could not reject the null hypothesis of the existence of unit root in levels for all variables. However, the variables are stationary are stationary after first differencing them. The magnitude of the p -values (less than 0.05) are significant, indicating that the variables are stationary at first difference.
Presentation and Interpretation of results
The hypothesis of interest is the extent to which changes in the conditional mean of the variables are associated with changes in the MC. Table 4 presents the results from the estimated normal GARCH (1.1) model. 
Mean equation
The sign of the interest rates is negative; a one percentage point increase of interest rates (POR) decreases market capitalisation (MC) by 0.32 percentage points. Results indicated that there is a negative relationship between interest rates and market capitalisation. has been observed by several studies such as those of Adjasi and Biekpe (2005) and Büyük alvarc (2010). The coefficient of TMP is negative and statistically significant indicating that increases in TMP dampens stock market activities. In other words, an increase in TMP volatility will lead to a fall in market capitalisation. Mayowa (2011) in his analysis of the long run co-movements between financial system development and mining production in South Africa also came with a similar result. The coefficient of M3 is positive and statistically significant indicating that increases in money supply increases stock market activities. Increase in money supply leads to increase in liquidity that ultimately results in upward movement of nominal equity prices. Li (2012) found a similar result in a study that investigated the relationship between money supply and stock market in Europe.
A one percentage point increase of US interest rates (USINT) increase market capitalisation by 0.65 percentage points. The value of the US interest rates is positive; meaning that an increase in US interest rates will lead to a rise in market capitalisation. The US interest rates sign was expected to be negative but results have shown the positive. It is expected that, when US interest rates rise, there would be a shift of investment from economies with low interest rates towards those with high interest rates (US).
Variance equation
The variance equation represents the GARCH model and it is in this equation that the volatility of the rand volatility and MCSER Publishing, Rome-Italy Vol 4 No 14 November 2013 M3 were captured. The interpretation is as follows;
Results showed that a one percentage point increase of rand volatility increases market capitalisation by 0.004 percentage points. This shows that currency volatility has a very weak but positive impact on stock market activities. An increase in currency volatility will cause a very small increase in market capitalisation. The outcome of a positive sign of the rand volatility goes hand in hand with results from other studies that investigated the relationship between these two variables. The result of this study goes hand in hand with that of Karoui (2006) and that of Adjasi and Biekpe (2005) .
The coefficient of M3 is negative and statistically significant indicating that fluctuations in money supply decreases stock market activities. A one percentage point increase of money supply (M3) decreases market capitalisation by 0.001 percentage points. This result is consistent with the findings of Flannery and Protopapadakis (2002) . Gujarati (2004:516) argues that diagnostic tests should be performed so that the model finally chosen is a good model in the sense that all the estimated coefficients have the right signs, they are statistically significant on the basis of the t and F tests. In this regard, this study employs the Histogram and Normality test, Correlogram of Squared Residual Test, and the Heteroscedasticity 2 test as its diagnostic tests.
Diagnostic Tests
Normality test
Normality test was conducted to test the residuals' normality. Economic theory expects the residuals to be normally distributed. Table 5 presents the Normality test. Results from the Normality test show that the normal GARCH model best reduced the problems of fat tails and volatility clustering. The kurtosis and skewness are smaller under the normal GARCH model (7.42 and 1.3 respectively). In this regard, it can be concluded that the residuals are not normally distributed. However, it must be noted that the residuals have been drawn towards normality. The non-normality of residuals in volatile time series data has been observed in various studies. Arouri, Jaqdi, and Nguyen (2010) also came up with a similar result in a research on "the dynamics of emerging stock markets".
Heteroscedasticity test
The ARCH test was conducted to check the presence of heteroscedasticity in the residuals. Table 6 shows the ARCH test after using the GARCH model. Table 6 presents results for the ARCH test. Engle's LM test indicates that there are no more ARCH effects. The p value of the Obs*R-squared in not significant; it is greater than 0.05 and this indicates that there is no ARCH present. The pvalue is 0.6627 and this shows that there is no heteroscedasticity in the residual.
Testing for autocorrelation: Q-statistic Test
The Q-statistic test was carried out and results showed that the Q-statistics were all significant at all lags under the normal GARCH model, indicating that there is no significant serial correlation in the residuals. Table 7 presents results from the Q-statistic Test. From table 7 it can be observed that all p-values are above 0.05 and as a result of this the null hypothesis of no serial correlation is not rejected. This shows that there is no correlation in the residuals. This shows that the mean equation was correctly specified. Uh (2005) held that if the mean equation (conditional variance equation) is correctly specified, all Q-statistics of standardised residuals should be insignificant with no observable autocorrelation.
Conclusion and Recommendations
The main objective driving this study has been to examine the impact of currency volatility on the stock market in South Africa. The analysis of this study reported a very weak relationship between exchange rate volatility and the stock market. This result is not supportive of the presumption that the uncertainty surrounding exchange rate market distorts efficient investment allocation. However, the stock market was seen to be affected by other macroeconomic variables namely: interest rates, total mining production, money supply and the United States interest rates. Interest rates were seen to have a negative impact on the stock market. This is supported both by economic theory and a number of studies. The findings from this study have a number of policy implications. Firstly, the weak volatility transmission from the rand to stock market may be indicative of increased use of hedging instruments by firms on the JSE. More hedging instruments needs to be put in place to ensure the elimination of negative effects of rand volatility. These hedging instruments should be efficient and they should not distort the normal functioning of the JSE. Secondly, since the South African stock market is not really exposed to the negative effects of currency volatility. Relevant policy-makers in government can use exchange rate as a policy tool to attract foreign portfolio investment. Thirdly, the JSE needs to maintain its co-operation with world class stock markets such as the LSE. This might be one of the reasons the JSE is able to cushion negative effects of currency volatility. Macroeconomic spillovers from developed countries are usually hard to deal with but if there is some integration between the JSE and developed countries, news about any possible developments in these markets will reach the JSE fast and measures to deal with any possible effects of these macroeconomic developments will be put in place way before the markets are affected.
